f 



PATENT ABSTRACTS OF JAPAN 

(1 DPublication number : 2003-083968 
(43)Date of publication of application : 1 9.03.2003 



(51)lnt.CI. G01N 33/53 

C12M 1/00 
C12N 15/09 
C12Q 1/68 
G01N 27/27 
G01N 27/327 
G01N 27/416 
G01N 33/483 
G01N 33/58 
G01N 37/00 

(21 Application number : 2001-280137 (71 Applicant : JSR CORP 

(22)Date of filing : 14.09.2001 (72)Inventor : YAMANA KAZUNARI 

KUMAMOTO SATOSHI 
HASEGAWA TETSUYA 
NAKANO HIDEHIKO 
MATSUO YOSHIAKI 



1 



« 



SUGIE TASOHIRO 



(54) DNA CHIP AND ASSAY METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a stable DNA chip having high detection 
sensitivity, low in noise, shortening the insertion time of an intercalator and capable of 
detecting DNA in a short time. 

SOLUTION: The DNA chip has an electrode having a DNA probe, which has the 
intercalator coupled therewith, fixed thereto. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The DNA chip characterized by having the electrode which fixed the DNA 
probe with which the intercalator is combined. 

[Claim 2] The DNA chip according to claim 1 characterized by an intercalator being a 
conductive organic compound. 

[Claim 3] A conductive organic compound Anthraquinone, a naphthoquinone, a 
quinone, a porphyrin, A daunomycin, ferrocene, and ferrocene-ized naphthalene 
diimide derivative, A water-soluble fullerene derivative, ethidium, the ethidium bromide, 
an acridine, Aminoacridine, an acridine orange, an azide acridine, ethidium mono-azide, 
Ethidium diazido, proflavine, ellipticine, Hoechst 33342, the HOECHST 33258, AKURA 
ruby gin, DAPI (4\ 6-Diamidino-2-phenylindole dihydrochloride), Adriamycin, the 
EPIRU vicine, the BIRARU vicine, AKURASHINO mycin, A tris (phenanthroline) zinc 
complex, a tris (phenanthroline) ruthenium complex, A tris (phenanthroline) cobalt 
complex, a phenanthroline platinum complex, A bipyridine platinum complex, a tris 
(bipyridyl) zinc complex, a tris (bipyridyl) ruthenium complex, The DNA chip according 
to claim 2 characterized by being the compound chosen from a tris (bipyridyl) cobalt 
complex, a JI (bipyridyl) zinc complex, a JI (bipyridyl) ruthenium complex, and a JI 
(bipyridyl) cobalt complex, or its derivative. 

[Claim 4] The DNA chip according to claim 3 characterized by an intercalator being 
the anthraquinone which carried out covalent bond to - OH radical like 2' of the sugar 
in the sugar frame of a DNA probe through the alkylene group, or its derivative. 
[Claim 5] The DNA chip according to claim 1 to which the end of the DNA probe with 
which the intercalator is combined is characterized by thioHzation or being 
disulfide-ized. 

[Claim 6] The assay approach using the DNA chip characterized by contacting the 
target matter which is a specimen to the DNA chip which has the electrode which 
fixed the DNA probe with which the intercalator is combined, and subsequently 
detecting I/O of the electrical signal to an electrode. 

[Claim 7] Said target matter is the assay approach according to claim 6 characterized 
by being a nucleic acid or protein. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the assay approach using the DNA 
chip which comes to introduce Qualification DNA, and the DNA chip concerned. 
[0002] 

[Description of the Prior Art] Genome projects including a human gene were advanced 
and much gene structures have been clarified. The gene function which used the 
result of gene structural analysis effectively, and research of a manifestation serve as 
an important theme for paving the new path for not only the elucidation of the 
mystery of a life process but prevention of a disease, a diagnosis, development of 
drugs, etc. In order to advance these researches, it is important to analyze gene 
expression, and variation and polymorphism. In order to perform such analysis simple 
and quickly, it is indispensable to act as the monitor of the association (hybridization) 
of the specimen DNA set as a DNA probe with a predetermined base sequence and 
the object of analysis efficiently. 

[0003] In the former, the detection which used the radioisotope or the fluorescent 
substance for detection of the specimen DNA after hybridization, or electrochemical 
detection has been adopted. In order to raise the sensibility of detection, external 
inserting type intercalators, such as a HOECHST 33258, Hoechst 33342, ferrocene, 
and ferrocene-ized naphthalene diimide derivative, a water-soluble fullerene 
derivative, a ruthenium complex, a zinc complex, a platinum complex, and a cobalt 
complex, have been used. 

[0004] However, these external intercalators are combined not only with the double 
stranded DNA specifically formed in a DNA probe and this DNA probe by DNA which 
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has a complementary array but with a single stranded DNA, and since this association 
generates the signal based on things other than double stranded DNA, it serves as a 
detection noise and arises [ the result to which the specific binding detection 
sensitivity of double stranded DNA is reduced ]. 

[0005] Moreover, although electrochemical detection was the detection approach 
desired from detection sensitivity being good, in order to secede from the double 
stranded DNA which the conventional intercalator combined quickly, the trouble that 
the condition that the intercalation happened was unstable and it was difficult to 
detect an intercalation electrochemically existed. Then, this invention is made in view 
of the actual condition mentioned above, and aims at offering the DNA chip for 
offering the DNA chip in which the DNA detection with high detection sensitivity is 
possible, and the assay approach using this DNA chip. 
[0006] 

[Means for Solving the Problem] The DNA chip concerning this invention is 
characterized by having the electrode which fixed the DNA probe with which the 
intercalator is combined, in order to solve the problem mentioned above. Moreover, it 
is desirable that an intercalator is a conductive organic compound. Furthermore, a 
conductive organic compound Anthraquinone, a naphthoquinone, a quinone, A 
porphyrin, daunomycin, ferrocene, and ferrocene-ized naphthalene diimide derivative, 
A water-soluble fullerene derivative, ethidium, the ethidium bromide, an acridine, 
Aminoacridine, an acridine orange, an azide acridine, ethidium mono-azide, Ethidium 
diazido, proflavine, ellipticine, Hoechst 33342, the HOECHST 33258, AKURA ruby gin, 
DAPI (4', 6-Diamidino-2-phenylindole dihydrochloride), Adriamycin, the EPIRU vicine, 
the BIRARU vicine, AKURASHINO mycin, A tris (phenanthroline) zinc complex, a tris 
(phenanthroline) ruthenium complex, A tris (phenanthroline) cobalt complex, a 
phenanthroline platinum complex, A bipyridine platinum complex, a tris (bipyridyl) zinc 
complex, a tris (bipyridyl) ruthenium complex, It is desirable that they are the 
compound chosen from a tris (bipyridyl) cobalt complex, a JI (bipyridyl) zinc complex, 
a JI (bipyridyl) ruthenium complex, and a JI (bipyridyl) cobalt complex or its derivative. 
It is desirable that they are the anthraquinone in which the intercalator carried out 
covalent bond to - OH radical like 2' of the sugar in the sugar frame of a DNA probe 
through the alkylene group especially, or its derivative. 

[0007] Moreover, it is desirable thioHzation or that the end of the DNA probe with 
which the intercalator is combined is disulfide-ized. The assay approach concerning 
this invention contacts the target matter which is a specimen to the DNA chip which 
has the electrode which fixed the DNA probe with which the intercalator is combined, 
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and the DNA chip characterized by subsequently detecting I/O of the electrical signal 
to an electrode is used for it. 

[0008] Moreover, as for said target matter, it is desirable that they are a nucleic acid 

or protein. 

[0009] 

[Embodiment of the Invention] Hereafter, the concrete mode of the DNA chip 
concerning this invention and the assay approach is explained to a detail, referring to 
a drawing. One embodiment of said DNA chip has the structure where the electrode 
(henceforth a "probe fixed electrode") which fixes a DNA probe to the whole surface 
of the substrate which has a suitable area is formed, come to form in another field of 
a substrate the electrode (henceforth a "detection electrode") which can contact 
electric detection equipment, and said two electrodes flow electrically. 
[0010] The result which has examined wholeheartedly that this invention person 
detects DNA hybridization using an electric signal (electrochemistry signal), By 
making the intercalator which has electrochemistry activity insert between the base 
pairs of a DNA double helix (intercalation) The electronic transition reaction by the pi 
electron occurs between a DNA base pair and an intercalator, and it finds out that the 
electric signal produced by this electronic transition reaction can be used as a direct 
monitor signal, and came to complete this invention. 

[001 1] Therefore, as for such an intercalator, it is desirable that it is a conductive 
organic compound. This conductive organic compound Furthermore, anthraquinone, a 
naphthoquinone, A quinone, porphyrin, daunomycin, ferrocene, and ferrocene-ized 
naphthalene diimide derivative, A water-soluble fullerene derivative, ethidium, the 
ethidium bromide, an acridine, Aminoacridine, an acridine orange, an azide acridine, 
ethidium mono-azide, Ethidium diazido, proflavine, ellipticine, Hoechst 33342, the 
HOECHST 33258, AKURA ruby gin, DAPI (4\ 6-Diamidino-2-phenylindole 
dihydrochloride), Adriamycin, the EPIRU vicine, the BIRARU vicine. AKURASHINO 
mycin, A tris (phenanthroline) zinc complex, a tris (phenanthroline) ruthenium complex, 
A tris (phenanthroline) cobalt complex, a phenanthroline platinum complex, A 
bipyridine platinum complex, a tris (bipyridyl) zinc complex, a tris (bipyridyl) ruthenium 
complex, A tris (bipyridyl) cobalt complex, a JI (bipyridyl) zinc complex, a JI (bipyridyl) 
ruthenium complex, It is desirable that they are the compound chosen from external 
inserting type intercalators, such as a JI (bipyridyl) cobalt complex, other ruthenium 
complexes, a zinc complex, a platinum complex, and a cobalt complex, etc. or its 
derivative, and especially anthraquinone, a naphthoquinone, and a quinone are 
desirable. 
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[0012] Moreover, in order for it to become a rate-determining step to approach the 
DNA base pair which is in a hydrophilicity-environment in an intercalation reaction 
since the intercalator which generally consists of condensation of a ring has high 
hydrophobicity and to detect an intercalation generally, it is difficult to have to wait 
until an intercalation reaction will be in equilibrium, and to perform quick detection. 
[0013] Then, an intercalator is fixed in a DNA strand, namely, it becomes possible by 
carrying out covalent bond of one of the radicals and intercalators of a DNA strand to 
perform an intercalation reaction quickly, this invention person developed the general 
approach with the sufficient effectiveness which introduces an intercalator to the 
sugar frame of the arbitration of DNA, as a result of examining introducing an 
intercalator into a DNA strand wholeheartedly. 

[0014] According to this approach, it was most efficient to have introduced an 
intercalator at least into 2' of the sugar frame of a DNA strand, and it turned out that 
an intercalator can be introduced into a DNA strand. Therefore, in this mode, it is 
desirable to - OH radical like 2* of sugar [ in / in an intercalator / the sugar frame of a 
DNA probe ] that they are especially the alkylene group of carbon numbers 1-2, the 
anthraquinone which carried out covalent bond through the methylene group of a 
carbon number 1 preferably, or its derivative. 

[0015] The approach of compounding such a qualification DNA probe is the monomer 
which introduced anthraquinone at least into 2\ for example, 2-O-anthraquinonyl 
methyl. The usual solid-state-polymerization method performed by applying to a DNA 
automatic composition machine, using N3-benzoyl uridine friend DAITO as one of the 
raw material DNA monomers is mentioned. The compound qualification oligonucleotide 
can be used after performing logging from the support by the usual approach, i.e., 
ammoniation, purification by polyacrylamide electrophoresis (PAGE), and 
demineralization processing. 

[0016] Here, it is for example, 2 -O-anthraquinonyl methyl. The approach of obtaining 
N3-benzoyl uridine friend DAITO is Yamana et. It is compounded and obtained 
according to al.Bioconjugate Chem.1990, 1, and the approach indicated in 319-324, i.e., 
the following scheme. 
[0017] 
[Formula 1] 
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[0018] Moreover, although it will not be limited especially if the quality of the material 
of a probe fixed electrode can fix a DNA probe and has conductivity, the carbon of 
metal simple substances, such as gold, silver, copper, platinum, aluminum, nickel, 
palladium, germanium, molybdenum, and a tungsten, those alloys, graphite, and a 
diamond thin film etc. is usable, for example. In these, carbon, gold, and platinum are 
desirable and the gold which carried out especially 1 1 1 crystal orientation is desirable. 
[0019] Although especially the formation approach of these electrodes is not limited, 
the above-mentioned conductive ingredient layers (the above-mentioned metal etc.) 
are formed by approaches, such as vacuum evaporationo, a spatter, and plating, on an 
organic or inorganic insulating base material, and it can carry out electrode patterning 
by approaches, such as a photoresist. It is possible to carry out patterning not only of 
an electrode but the wiring which ties a connection terminal, and the electrode and 
connection terminal to electrochemical detection equipment collectively in that case. 
[0020] Moreover, although especially the approach of fixing a DNA probe on an 
electrode is not limited, it is an approach of preparing a covalent-bond radical for an 
electrode side in amino processing, a carbodiimide or the approach of carrying out 
silane coupling processing and carrying out covalent bond of a DNA probe and the 
electrode, and a DNA end beforehand etc. In these, thioHzing or especially the 
approach of disulfide-izing is desirable in the approach, for example, a DNA probe end, 
of preparing a covalent-bond radical in a DNA end. 

[0021] generally, it sticks to a thiol and a disulfide compound on a golden front face, a 
self-organizing monomolecular film is formed, and there are few defects — high — 
producing an orientation monomolecular film is known. Therefore, it is desirable to 
make the DNA probe with which the intercalator is combined stick to thioHzing or the 
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quality-of-the-material front face which disulfide-izes and forms a probe fixed 
electrode in this thiol group or a disulfide radical (-S-S-). It is desirable to carry out 
covalent bond of a thiol or the disulfide compound to - OH radical of the three-dash 
terminal of the chain of a DNA probe or a five prime end especially. 
[0022] The usual solid-state-polymerization method performed by applying the 
approach of obtaining this thioHzing or disulfide-ized DNA probe to a DNA automatic 
composition machine using the commercial formation of thiol induction or disulfide 
induction-ized reagent which combined the qualification nucleoside phosphoroamidite 
which is used for the DNA probe composition which introduced the intercalator, and 
which is a monomer is mentioned. The compound qualification oligonucleotide can be 
used after performing logging from the support by the usual approach, i.e., 
ammoniation, purification by polyacrylamide electrophoresis (PAGE), and 
demineralization processing. 

[0023] Here, what has the following structure is mentioned as a thiol-ized reagent. 

[0024] 

[Formula 2] 



[0025] Moreover, what has the following structure is mentioned as a disulfide 
induction-ized reagent. 
[0026] 
[Formula 3] 

OCH2CH3CN 
DMT- O (CB^o — S — S — {CHgfe-e-P^ y 



[0027] In addition, an ion spray mass spectrum can perform this formation of thiol 
induction, or the structure check of the disulfide induction-ized intercalator 
installation DNA. In the production approach of a probe fixed electrode, if the case 
where the electrode quality of the material is gold is mentioned as an example, first, 
gold is vapor-deposited on slide glass, an electrode substrate is obtained, and it cuts 
in the magnitude of a request of this slide glass if needed, and a silver paste and 
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adhesives will be used for the obtained electrode substrate, lead wire will be fixed to it, 
and a golden electrode will be produced. Furthermore, after it processes the front face 
of this golden electrode from an acid if needed and water and a phosphate buffer 
solution wash, the probe fixed electrode with which the qualification DNA probe was 
fixed to the golden front face is obtained self-integration of the qualification DNA 
probe to a golden electrode surface, or by carrying out the spot of the qualification 
DNA probe to a golden surface electrode by the spotter by dipping a golden electrode 
in the phosphate buffer solution containing a qualification DNA probe. 
[0028] Moreover, one embodiment of the assay approach concerning this invention 
contacts the target matter which is a specimen to the DNA chip which has the 
electrode which fixed the DNA probe with which an intercalator which was mentioned 
above is combined, and, subsequently detects I/O of the electrical signal of an 
electrode, i.e., a detection electrode. Here, nucleic acids, such as DNA and RNA, 
protein, etc. are mentioned as said target matter. 

[0029] Moreover, as an electrical signal detected, electric signals, such as a current, 
electric conductivity, potential, electric capacity, an inductance, and an impedance, 
are mentioned, and it is measured by equipments, such as cyclic Volta mole (fee valve 
flow coefficient) differential pulse Volta MOGURAFI (DPV), linear sweep Volta 
MOGURAFI, and a potentiostat. 

[0030] For example, in the monitor by valve flow coefficient, the curve obtained in the 
example mentioned later as shown in drawing 1 is obtained. In drawing 1 , a continuous 
line shows the curve of the DNA origin of a single chain, and the chain line shows the 
curve of the duplex-deoxyribonucleic-acid origin after an intercalation reaction. 
According to drawing 1 , the system of the potential which gives the peak current of a 
reduction reaction curve (above) (mV), i.e., summit potential, from which the 
intercalation produced the summit potential (mV) which gives the peak current of an 
oxidation reaction curve (below) is smaller. This shows that the following oxidation 
reduction reactions occur at an electronic transition reaction, i.e., an anthraquinone 
part, between an intercalator and the base pair of DNA, change arises in the 
electronic state of a system, and the shift of such summit potential arises, when an 
intercalation happens. 
[0031] 
[Formula 4] 
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K = [ AQH 2 J / [AQ] [H+] 2 (1) 
E = E 0 -(RT/nF)lnK (2) 



[0032] In this oxidation reduction reaction, a reduction reaction is the right and 
oxidation reaction is the left. Moreover, the equilibrium constant K of this reaction is 
carried out like a formula (1), and is called for. Among a formula (1), [AQH2] shows the 
concentration of the anthraquinone (right) of a reduction type, and [AQ] shows the 
concentration of the anthraquinone (left) of an oxidation type. Moreover, potential 
(reaction potential) is searched for by the formula (2). E0 shows the equilibrium 
electrode potential in reference condition (activity constant 1) among a formula (2), R 
shows a gas constant, T shows the temperature of a system, F shows a Faraday 
constant, and n shows ionic valency. 

[0033] Therefore, it is possible to detect formation of a duplex chain by detecting the 
existence of a shift of this potential. Moreover, according to said formula (2), it 
depends for potential on the equilibrium constant K of an oxidation reduction reaction, 
and depends for this equilibrium constant K on the concentration [AQH2] of the 
anthraquinone of a reduction type. This means that it is dependent on the 
concentration of the anthraquinone which participated in the intercalation, and can 
know the concentration of the anthraquinone which participated in the intercalation, 
i.e., the concentration of the specimen in a sample, because this investigates summit 
potential. 

[0034] In addition, if an intercalation reaction occurs, it is possible that the chemistry 
environment of the intercalator installation DNA changes. On the other hand, it is 
thought that it depends for change of this chemistry environment also on the class of 
base sequence of DNA. Therefore, based on results of an investigation, it can detect 
now that variation, such as a mismatch base pair, exists in DNA of a specimen etc. by 
investigating systematically change of the electronic state based on an electronic 
transition reaction according to a DNA sequence. 

[0035] Moreover, RNA-DNA hybridization is also detectable besides a DNA duplex 
chain. Moreover, it is known like a DNA-protein interaction that the reaction of DNA 
and other drugs will change DNA structure a lot. Therefore, it becomes possible to 
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detect using the DNA chip which such an interaction also requires for this invention in 
order to change the electrical signal to generate. 

[0036] The DNA chip and the assay approach of this invention are applicable to fields, 
such as safety toxicity inspection of gene expression analysis, 1 gene polymorphism 
analysis (SNP), a physic innovative drug development, screening of drugs, physic, or 
various chemicals, a medical clinical laboratory test, food evaluation, quarantine, legal 
medicine, chemistry, a brewing, agriculture, a fishing, a zootechnics, and forestry. 



[Effect of the Invention] According to this invention, by using the DNA chip which 
introduced the intercalator into DNA made to fix to a probe fixed electrode by 
covalent bond, it becomes possible to make an intercalation reaction perform quickly, 
and, thereby, the interaction of a specimen and a DNA probe can be detected to the 
inside of a short time. 



[Example] (1) Composition of the synthetic qualification oligonucleotide of a 
qualification oligonucleotide (DNA probe) applied the silica support (KURUAKEMU 
manufacture, the SOWA TRADING sale, 3'C3 thiol column) which has the following 
structure which, and is marketed, and which was formed into disulfide induction to the 
DNA automatic composition machine (a DNA/RNA automatic composition machine, 
ABI394, ABI company manufacture), and was performed with the usual solid phase 
synthesis method. [ 2-O-anthraquinonyl methyl N3~benzoyl uridine friend ] 
[0039] 
[Formula 5] 



[0040] The compound qualification oligonucleotide refined by polyacrylamide 
electrophoresis (PAGE), after starting from the support by ammoniation, and it 
performed demineralization processing. The array of the compound qualification 
oligonucleotide is shown below. 

5 — , -dACAU(2 , AQ) GCAGTGTTGATpDS-3' — in addition, it is shown during an 
array display that anthraquinone is carrying out covalent bond of the U (2'AQ) at least 



[0037] 



[0038] 
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to 2' of a uridine through a methylene group. Moreover, it is shown that DS radical, i.e., 
-(CH2)-S-S-(CH2)-OH, is carrying out covalent bond of the TpDS at least to 3' of 
thymidine. 

[0041] It was checked with the ion spray mass spectrum that the disulfide radical had 
been introduced into the DNA probe. 

(2) The electrode substrate which made gold vapor-deposit on the production slide 
glass of the golden electrode (probe fixed electrode) which fixed the qualification 
oligonucleotide was cut into the magnitude of 0.4x1.3 (cm), lead wire was fixed to this 
with a silver paste and adhesives, and the golden electrode was produced. 

[0042] After dipping this golden electrode in an acid mixed solution (concentrated 
hydrochloric acid: 30% hydrogen-peroxide-solution =7:3) for 1-2 minutes. Purity and 
a phosphate buffer solution (0.01 M dibasic-sodium-phosphate water solution 
containing O.IMNaCI (pH7)) wash. It dips in the phosphoric-acid buffer solution (the 
0.01 M dibasic-sodium-phosphate water solution containing O.IMNaCI (pH7); amount 
of 30 in 200microl buffer solution O.D.) of the qualification oligonucleotide set as the 
concentration of 1 mM for about one week. The probe fixed electrode was produced by 
self-accumulation of a qualification oligonucleotide to a golden electrode surface. 

(3) A series of valve flow coefficient measurement of the double strand of AQ1 to 
which the concentration of the specimen DNA strand which has a complementary 
array was changed was carried out to the single strand of the electrochemical 
response anthraquinone qualification oligonucleotide (AQ1) of a qualification DNA 
probe, and the array acquired by (1) using the POTENSHOME tree analyzer (valve 
flow coefficient50W, BI A S company manufacturing and selling). 

[0043] Each voltamogram of AQ1 single strand at the time of performing valve flow 
coefficient measurement to drawing 1 with the scan speed of 200 mV/s using the 
buffer solution which is the single strand oligomer concentration of 1mM, and a double 
strand is shown. In drawing 1 , a continuous line shows the curve originating in the 
reaction of a single stranded DNA and an anthraquinone frame, and the chain line 
shows the curve originating in the reaction of double stranded DNA and an 
anthraquinone frame. 

[0044] According to drawing 1 , the direction of the summit potential value which the 
curve which originates [ in / both / the summit potential value of reduction reaction 
time and the summit potential value of oxidation reaction time ] in double stranded 
DNA shows has shifted in the direction in which potential becomes small. Therefore, in 
a strange sample, when same measurement is carried out and the shift of such a 
summit potential value is observed, Specimen DNA will exist in that sample and 
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detection of this specimen DNA is attained. 

[0045] Moreover, the concentration of Specimen DNA is fluctuated to drawing 2 , and 
the change of half^wave potential E1/2 when performing valve flow coefficient 
measurement with the scan speed of 200 mV/s is shown. Here, half^wave potential 
means the potential with which oxidation potential and reduction potential are 
saturated, and specifically points out the midpoint potential of the summit potential of 
oxidation reaction time, and the summit potential of reduction reaction time. 
According to drawing 2 , half-wave potential E1/2 shifted in the forward direction with 
the increment in the concentration of the specimen DNA in a sample, and when a DNA 
probe (AQ1) and the equivalent were reached and all AQ(s)1 formed the double strand, 
there was an inclination stabilized in fixed potential. That is, change for which it 
depended on the concentration of Specimen DNA by investigating half-wave potential 
is plotted, and it becomes possible to get to know the concentration of Specimen DNA. 



[Translation done.] 
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7^^i/y?^fiy>, HJX (7xtyhP'J 
» Sttttfc HJX (7xt>hn>J» if-'JA 
ffffc. HJX (7ityhnijy) a/WMKfc 7i 

h u x ( tr m u s>/w hj x c e vf y 

;l/f^ASI», HJx (eeys?;W 

Elc<DDNA^7o 
[»*S4] DNA7n-7<D 
tt&ftfcfcW-SttOZ' ffi©-OHSfc:7;MrU>£* 
ftUT#WfS£S#fc7>h7*/>$fctt*©»iWtt 
?ft*Cfc*4^fc*SW#£3fcffi«©DNAf-'y 30 
7-c 

A7 , n-7 , <D*iS*W-;Hk$fc«^x;I/7>r KffcS 
7*0 

A 7p-7£@£ LfcWI£Wt3 DNAf>v 7*t«{* 

xmzmtz ctztimtts d NAf-^i^ 

tc7 y-fe-r^o 40 
Tft*cfc*tt«i:*S»#*6fcie«©7v-fc-f2f 

So 

[000 1] 

LTft* D N Af y ^feitf SKD N y 
[0 0 0 2] 



ttBfl 2003-83968 
2 

K. l»i&©HR*K:*fU>il%H!< fcfeoaSftf— 

9J*«fOD N A7 > P-7£8?«T©*f«ii:&38H*D N A 
<Dm£ (;vT7U£V-t?->'3» Wi<^^- 

[0 0 0 3] t&fcfclfc^T, ^7'J £V -tf—> 3 >m 

IShttft. ttao«JSE*±tf*fc»» ^+Xh3 3 
2 5 8, 'v£Xh 3 3 3 4 2 > 7xP-fe>, 7int> 

h if ©ttasit a§k > # - * u- * aMlffl s nr 
[0004] u^u cne>cD^gp-ry^-*u-^ 

«> DNA7P-7£<l©DNA7 > P-7fc:*MW&E 
*>J**rrS D N A fcTftSttfc»j«Sn*r*«D N A 

©#ft&"f-*aDNAK:t,l8#U c©*££-«r#& 
DNAJ.;W©&©lCg^<^7*:^l/£f§££#Sfc46, 

m/jxt**), r*«DNA©«Fsw«g^i*aj«fi 
[0005] Macft^wfcttHitt. tttunsw^ 

U-^^lftr*lD N A fr^If < W 

t arable, ^y^—his-fa >tfjgc o fcttUtt^ 

0, m^Jttfii^DNA&Wtf^&DNA^yT^ 
«0W*fca©DNAf-'y7\ feiD'CcDD N A^-y 7 

[0 00 6] 

Zft&StnT^Z D N A 7u-7%HS 
Hmc£to&7>b7*/y. t7h*/X ^7>> 

7%S7ZV*Jy* 7?Vi/y*lsyi/, 7VV7W 
*jy, xf^^A^^K, 7* 



(3) 

3 

□ 77lf>> ^Xh33 34 2, *\* 

XK3 3 2 5 8, 775/Hf$< f y, DAPI (4\ 6-Diamidi 
no-2-phenyl indole dihydrochloride) , TK'J/v^ 

>, hjx (7xt>hDij» ffiisigft, mix (7 
**, if e u 'jy-fvf-fmf.. mix cetfy s»w s 

h U x (if U ->*;!/) ;l/r- 7 A^ft, h U x 
(tftfy-7;l/) 5? (trifU^VW ffiSBff 10 

ft, "J Oii£U5»W ;Vxx7Algft, (ifvfy^ 
;!/) 3/W Hiflc^saifn^ft^B^fctt^OK** 
■CfcSCfcjWifSUN, »tc«, -<y*-ii\s-Zh\ 
DNA^n— 7©«KM8»tft*tSSf02' (4O-0HS 
k:7;b*U>S*ftLT8WIS£S-frfc7>h74 1 /> 

[0007] sk, jy*—t))s-zi$&£r£nT^% 

D N A 7n-7©*iffi#7^-;Wb$ fcii^x;l/7 ^ H 
Stt, ^>*-*U-2#;^£nT^-5DN A7°n- 20 

[0 0 0 8] £fc, nffiBHtft]%K& 
[0009] 

Batft^&BffltWWrS. MfB DNAf 7 ~?<D—Mt& 30 
Agftti, ji^%ffiS*Wr5fflSO-ffiK:DNA7'D- 
7£H£-f 3«i r7n-7@£«Hj 

3) mute m&v&o-nomcmmtfitiimm 
icmMxzzmm (&t, r«nj«fj t^d) tfmm 

[0 0 10] *38flH#H\ DNAM7'J^-i'3 

A,©iISWIfflk:«fWb^Stt**t«-i'>^-*U-* 40 
*nX Myf-%l>-z/ay) 2&Z££X\ DNA 

t&mtttjy$-*]/-zt<DmT'nm?fc£2>m i ?® 

[00 1 1] Lfttfot, C<D<i:?&'l'>'2-;*Jb-# 
tt»*tt*Wfc£«T**i:fc**fiF$U^ £5>lc, C 

y, #/l/7*U>\ PtrS-vf^y, 7int 

X 7xn*y{fr*-7*l/ys>>l'$KBi3Wk 7kr§147 50 



tf n 2 0 0 3 - 8 3 9 6 8 
4 

7 -l/^m xf-i/*7A, x^7>7A7dv^K, 

7t*)i?y, T^JTWJy* 7WJy*\sy*J, 

5>75>h\ 7n7^lf>, xU7f-», ^v£X h 3 3 
3 4 2, 'v+Xh 3 3 2 5 8, 7^5;Hfi ? X DAPI 
(4' , 6-Diamidino-2-phenyl indole dihydrochlor id 
e) , 7K'J7v-r^>', xlf/Hfi/y, tf^Hf^ 
>\ r77'>/Y^->X HJX (7ityhP'J» 
ffiSf^ft, hUX (7it>hn'jy) ;l/7^x7A^ 
ft, hUX (7xt>Fa>jy) 3/^1/ mft, 7xt 

>; x (if if u swo sissgft, hj x (tf tf d h 

xx7A§gft, hUX dftfysW a;Vlhm#. v 
( tf tf U ~J)V) mmW. "J (tftf'JiW ;l/rx7A 

igft, ^* ceify^/i/) 3/^i/ mt*, foi;vf-7 

Afgft, ESGfift, Tv^lgft, 3/<;l/M&f**iM!> 

^a5»xs-ry*-*u-*ft£f*^aarnaib^«$ 

[oo i 2] *fc % -«Wi:^fSo«^TMfn§ 
i/3 yR&c^xumym^mmich^D n a^s^ 

[0 0 1 3] ^CT*, DNAgWfc-l'^-Jbb— 

h^ts, tnt>^>DNkm<o^-fti^<omt-(y^~ 

it}ls-$£*mi&-&2&Z££X\ JyZ—hV-i' 
<<y$-ts U-Z%D N A^cfK^A-T-SC tfCO^T 

u-^^A-rs^oi^-asw^ffi^r^b^o 
[0014] cKDTjffitintf, -ry^-^b-^D 

NA^(D«#^©2' ffiK3»A-r«Ci:*««ta!i*J: 
<, -f>*-*U-**DNA«iffc:SIAT**Cfctf 

t>friTz<, bfc^oT, ccofijiic&^-ni, 

DNA7^-7©»#tS^^:^o^^i.Si<D2• 
fiO-OHllC, mtfKS5S[l~207;I/4 l U>S, 

fc7> h ?*yy$ifc&%<Dmmftx>&z c tt>mic& 

[0 0 15] il<0i:5*<il!pDNA7P-7^fiic-r5 
Tj&fi, 2* {Slc7>h5*7^«Ab/c ; &7v-, 
^J^.^2' -0-7> h 7*/x;l/>< N 5 
•J S?>7 ^ ^ h *mnD N A ^7 T-©— Dt bTffl 

OtBU jSU7^'J/1/75K«»8c» (PAGE) ICckSffl 



(4) itfgfl2 00 3-8 3 9 68 

5 6 

[0 0 16] ZCX\ M*.lf2'-0-7y\-7*/->l* oT£jSbT»&*iSo 

N 3 -^yv r -r;i"i"Jv ; y7^^h%^5^±, Coo l 7] 

Yaiana et al. Bioconjugate Chem. 1990, 1, 319-324* Lit 1 ] 

- 10 



eV°-o Mo 
X) - X) 



HO OH 



O O 

A 



^ ^ Dn.T.0-, S.^< 
HO OCH* 



O 

.r j 



KO OCH, 



0*0 



6 




NH 



[0 0 18] Sfc, 7n-7H£fI®W«{;i, D N A 
IS^Sn&i,^ M> ffi, 7^:K 7 

<, nici 1 l*6ilElRlLfc&tfS3:U\, 

[0019] cn^<Dnm<Dm^mt. mmizzn 

MUM (±fE&JRfc£) 7^-v*> ^>y+^H 

So 

[0 0 2 0] «@±tDNA^n-^@^-r5 
TDNA7d-7£*@£%«W*S££-£§7^ DN 

A*mz#G&-&&*mfz>uti&2x&% a ctab(o 
$>xi&. DNA*«tttw^s«^it5^ffi, ®m£ 40 

DN A7 p D-7*^f-^-;Hk^/-ctii/*7.;I/7^ Kft 



[0 0 2 1] -I 



§ D N A -fa-?*?-*- Mt^tcltiPX)Vy * Kfk 
U ccof-:*-/l/St:;fcfi> ? 7/l/7>f KS (-S-S 



3' *4S3:fc{i 5* *«8<0-OHStC^-;l/$fc(±^ 

[0 0 2 2] C<D3-*-Mt%rz&i/X}\<-7 J KftLfc 
DNA7n-7£f#37j?£fcl\ ^;/*-£b-2%j»A 

tfcDN A7u-7£mcm^2>*y?-x&z>®m? 

^&fc>^7y^7ffig£<£3fiftfrS<D<?]t>iiJ 
U #U7^U;l/7= KWMMcil (PAGE) iCiSffiU, 

[0 0 2 3] llT', ?-*-MttmtLx&, Tie© 

[002 4] 
[ft 2] 



6 



A< 



[0 0 2 5] $fc, ^X;l/7^ FK^fbM^i: LTti, 

[0 0 2 6] 
[ft 3] 

DMT - O <CH2> 0 — S — S — <CH2>«- 



50 



[0 0 2 7] CC0f-*-;l/^ft$fcf±> 7 7;l/7 
^ Ki?|jS{fc^>*-*b-*«ADNA<^i§Klgtf\ 



(5) mm 2 0 0 3 - 8 3 9 6 8 

7 8 

«R*^o«^*«!lci)ttf«i:, $1\ X7^K*7^ ^^l/^t^77^- (cv) , t^tU^-wW* 

±£&*3l»LTWIS«*ffT* &gfcJSCTC0X ;l/*#/l/**?57*- (DPV) , U-7X-f-^ 

^m@*f^S-T5o £5>£, ^.gtClSUT [0 0 3 0] MZ.ii, C VtCfcSt-^-jcfe^Ttt, 

ftfcckt), &5W±£SffiWItClgg[;DNA7n-7£ DNA6*©ft«*«R^-ro HlK^ntf, StES 

*DNA7 , n-7#H:£2ftfc7 , p-7Hj£*«*» v) , t^h^-^mm, mitBLfc&m crw) <d 

So ¥-tmffi.*5-Z.Z>¥-?mtiL (mV) fc, -O^-fcl/ 

[0 0 2 8] tfc, *nwtc^§7-v-tr-r^so-^)!i -^3^#£Cfc^<D#jbVh£^o ens, -r>*-* 

^SDNAyn-r*HSbfe«i**rr*DNAf-y S5*i:©MT-»^i(lgfS, nfe%7> F^*7 

7lc, «{re*3«Wtoft*«*l*-B\ "3" #^TiE©ck?fc|g{fcSS£]&#i£C. 

&So CCT\ f^E$fi<ffiJ®£LT(i, DNA, RNA 20 ci:^t 0 

ft^OSI, *>/^Sft2W5n«, [0 0 3 1] 

[0 0 2 9] tttiJSns«!US^fc l/t«\ «_* [ft 4] 




K = [AQH 2 ]/[AQ][H + ] 2 (1) 
E = E 0 -(RT/nF)lnK (2) 



[0 0 3 2] COgHtSjtKJESfcfc^T, B7cE£tt£ 

0¥«^ftKtt, S (1) OJ:3fcLT#i&6ttSo 3 
(1) f> [AQH 2 ] (iSjcSi©7yhv+y> 
C&) ©WSteiSU [AQ] (±H{tS<DT>h7*y 
y (£) ©ilie^f 0 #r>*>lr* (SJS* 
(ft) (4» S (2) T'^to&nSo (2) cf, EofiH 
mm (iSMSi) fc*rt**¥«««ttt*wU R 
U Tt±&£>Sg£^U FS777T 

[0 0 3 3] LfctfoT, il<0^7 1 >'i/+;l/©>'7 h© 

BTtgT'fe-So ttc. MBS (2) fc«fctltfx *<fitttttffc 

(iS7cS©7>hv+y>©iig [aqhz] tcft^-r 



[0 0 3 4] fcfc, : 5/3>SJ6^<:« 
oT, *?£ME£fcS^<«^««©gfl:*DNA«[ 

[003 5] DNA-«H©fl&fcfc, R N A — D 

NA/vY^'J^Xfetftainlfln?**, Sfc, DN A — 

DNA^***<g{ts#*cfc;Wj]5nTv 

So LftidbT, C©=k?&tlSftffl£>, 
[0 0 3 6] *»W©DNA*-«y7 , feJ:tf7'v-fc-l'#ifc 

a, ae?5B3SB*h i®£7£3yft?#T (snp).b 
so mmm, n»a©z^u-->^ b»**^«:#»i: 



(6) 



2 0 0 3-8 3 9 6 8 



mm. ib* n& «n, un. s^fc^D'tt 

[003 7] 

£S**DNAK^££teJ:9>r 

0, ®OT©55fc*#fcDNA7o-7fc©«SflUB 
[00 3 8] 
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-7) 



10 



(1) *WJJ3i*l/^F (DNA/a 



•>y**#-h (*;i/r^rAtttta % mmmwm* 3* 

C3f-*-/l/*5Z0 DNAgft^fiKfil (DNA/R 
NAHM!, ABI394, ABIttSJg) fcSfflU 

[0 0 3 9] 
[ft 5] 




[0040] $i£Lrcmm*vdzi'U*i L \ i &, ry 

U;l/7= K«««i) (PACE) lcfc9tt»*fTV\ BKSffl 

5' -dACAU(2' AQ)CCACTGTTGATpDS-3' 

ft*, EJIJ^'f, U(2'AQ)«, frUS^OZ* mc7 

ft^-^-ccifc )-s-s-(ch 2 )-oh# &*sg£LTv§ c 

[0 0 4 1] DNA7d-71c>>7.;1/7i' FS##A£ 30 
Ltco 

(2) ««*y=f?*U5j-*F*lffi£Lfc&*« (7*n 

-•mmwm <oim 

F*5^±t^*ai»*-a-fe*sss*, 0. 4 

xi. 3 (cm) ®*££tc;*7*y hU CtifcU — F* 

[0042] c mmsmm (.mmm •■ 3 0 

%'&fflt*m7k= 7 : 3) tci~2iMB»bfc©^ M 
»J5<fctfU>«H«r« (0. lMNaC l^&O. 0 40 
1 M <J yfom-f V L> "7-MciSiUE ( p H 7 ) ) 
L, 1 mMOafitKSLfcfMM-'J 37 7 U*^ F<0 
U^BSHWSfll (0. lMNaCl£^&0. 0 1MU 
h U * ( p H 7 ) ; 200m 1 

«»*y=f7*U**F0aEIMWcJ:t>* 70-70 

(3) ^gPDNA7n-7©*Mt¥ft)Sg 

7yh7*7y^ffM-y=r7 7M-^F (aqd <d-# 
«> (i) T*nbttfcm\\cmtft%m\*m? 50 



N A«©iBfi**fb*-e:fc-aiOAQlOZl*a 
©CVffliJ££, #7-yi/3* hv-ri-^^^f- (CV 
5 0 W, If- • x- • xXttSSjgag^) ^ffl^Ttfo 

fee 

[0 04 3] 11^ 1 mM©-#gg:t 'J 3V-1ST* 
fc*fflffi8iR*ffl^T* 2 0 OmV/s<DX*-v>ilJg 

■ecv9j£*ffofciB©/w}i-#», -xmcoztizn 
d n AtTyh^^/ y #*§ i: ©kjsk: a tttt* 

[0 0 4 4] m 1 fccfctuf, S7cSJSB#«^-^*fiLfi 
idna c^-rsfttg^-r br-^^ffiffi©^*^ffi 

©KSfcfe^T* |B|tt©M£*U C©cfc9&lf-7* 

DN A##ft-rSCi:K:&!K il(O^DNA(Dil±i^ 

[0 0 4 5] 3:7c, H2t» «(*DNAO««*aSKl* 
#T\ 2 OOmV/scDX^-WiilgT-C V»Jj£*fro 

fci:#o*««ffiEi« vmvz^to Z.Z.X\ 

Hft&tyc tilMfcE J&B* O V-tmtiLt JBtcKJSB*© 

1^ftDNA(OzigcDti)!iati:#oT¥ffittfiLEi« tflEfi 
|RHCS/7hU DNA7D-7 (AQD fcSfifcSJilL 

[0ffiCOffl#ftUJH^] 



(7) 
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[01] mi a. *h«5dn k^-fnmmm 



* [02] 02 it, msinifemmcts^T, m<*dna<d 



[01] 



[02] 



^ -6 10-' 



0 

6 tO* 

no* 

1.5 10* 

























s 


























f 























-600 -TOO •«(» -SOO -400 -300 -aw -100 

Potential (mV) 




0 0.2 0-4 0-0 03 1 1.2 14 14 

DNA concentration (equtv.) 



(5D int. ci. 7 mmmn fi t-?>k(##) 

G 0 1 N 27/27 G 0 1 N 33/58 A 

27/327 37/00 1 0 2 

27/416 C 1 2 N 15/00 F 

33/483 G 0 1 N 27/30 3 5 1 

33/58 27/46 A 

37/00 1 0 2 3 3 6 M 

(72)ISW# <PW 3i& F*-A(##) 2G045 BA01 BA11 BA13 BB21 BB60 

£l*!i$eS8rUBa#jg 1-4-17 DA12 DA13 DA14 DA36 FB02 

(12mW% ftiS £H FB05 FB07 FB16 GC16 GC18 

ft0R&SSrUa:#8-15-6 %mm%Lffi. GC20 

Mffi€206^ 4B024 AA20 CA01 CA09 CA11 HA19 

(72)fgH^# fcfL ftfag£ 4B029 AA07 AA23 FA12 

^*«i!jD*/limS±BjPM817-4 4B063 QA13 QQ42 QQ52 QR32 QR35 

QR55 QS34 QX04 



